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RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION OF A SUBMERGED INLET AND
A NOSE INLET IN THE TRANSONIC FLIGHET RARGE
WITH FREE~FALI. MODEIS

By James Selns
SUMMARY

An NACA submerged inlet and an NACA series I nose inlet were
installed in bodies of 12.4 fineness ratio to determine the drag and
pressure—recovery characteristics of each body-inlet configuration. The
tests were conducted, with large—scale free—fall models released at an
altitude of 40,000 feet, for mass—Flow ratios of sbout 0.4 and 0.7 over
a Mach number range of about 0.70 to 1l.10,

The results show thet neither inlet haed any significant effect on
the Mach number of drag divergence. The external drag of the submerged
inlet model was indicated to be larger than that of the nose—inlet
m del at a mass flow ratio of 0.7. The difference in drag between ths
two inlet models when expressed in terms of the drag coefficient for an
assumed airplane (with a ratio of frontal fuselsge area to wing area of
0.06) would amount to sbout 0.0006 at subsonic speeds preceeding drag
divergence and about 0.0012 at supersonic speeds.

The ram—recovery ratlos for the submerged—inlet model were in
general agreement with those obtalned in previous subsonic researches.
Above & Mach number of 1, the pressure recovery decreased gradually.

INTRODUCTION

In order to provide space in the nose of an aircraft fuselage for
housing radsr and armament, attention has been given to the location of
air inlets on the sides of the fuselage. A side inlet which has shown
promise is the NACA submerged inlet which was developed in wind—tunnel
tests reported in references 1 and 2. Additlonal wind—tunnel tests of
this inlet have been carried out at subsonic speeds as reported in
references 3 to 10. Small—-sceale tests of the NACA submerged inlet in
the low transonic range (up to a Mach number of 0.94) are reported in
reference 11. Other tests in the transonic range have been conducted up

ORI
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to a local Mach number of 1.1k using the tunnel bump technique (refer—
ence 12) and in flight up to a local Mach number of 1.08 using the NACA
wing—flow method (reference 13). The bulk of these tests were concerned
with pressure—recovery and pressure—distribution characteristics of the
NACA submerged inlet. Drag data on these inlets at subsonic speeds are
limited (references 2 and 7), while at transonic speeds drag information
is not available. ' '

The purpose of the present investigation was to evaluate the drag
and pressure recovery of a submerged—inlet and a nose—in .zt model at
relatively large Reynolds numbers to compare the drag of the two inlet
models. The Investigation was conducted by utilizing a free—fall
recoverable model which permits tests at relatively large scale 1n the
transonic range., This technique permits the use of sitandard instruments
and the recovery of the model and instruments intact.

The current report provides data for mass—flow ratios of about O.h
and 0.7 through a Mach number range of approximately C.70 to 1.10.

The tests were conducted in the desert regions of Edwards Alr Force
Base at Muroec, Californis.

SYMBOLS

a speed of sound, feet per second
A cross—sectional area of one duct, sguare feet
ax horizontal acceleration of model, feet per second, second
8y vertical acceleration of model, feet per second, second
Cp specific heat at constant pressure, Btu per pound, QF
Cy specific heat at constant volume, Btu per pound, OF

_ Drp _
Cop total drag coefficlent ( CDT = m— s dimensionless
CDE external drag coefficilent <CDE = CDT - CDI) s dimensionless
Cpr internal drag coefficient <j§;§ , dimenslonless

oyl
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E—po
Ho=Po

2 H Y

g
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total drag, pounds

external drag (DT—DI> , pounds

internal drag, pounds

acceleration due to gravity, 32.16 feet per second, second
pressure altitude in a standard atmosphere, feet

total pressure, pounds per square foot
ram—recovery ratlo, dimensionless

mechanical equivalent of heat, 778 foot~pounds per Btu
vertical distance below release gltitude, feet
Mach number, dimensionless

mass flow, slugs pér second

mass—flow ratio %i%l¥§ , dimensionless
1

static pressure, pounds per square foot
dynamic pressure ( %‘-pV2> s pounds per square foot

impact pressure (H-p), pounds per square foot
cross—sectional area of model at maximum diameter, square feet
temperature, OF absolute

time after release of model, seconds

true airspeed (aM), feet per second

horizontal component of model axial veloclty relative to air,
feet per second
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Vy vertical component of model axial velocity relative to air,
feet per second . .

Vv horizontal component of wind velocity in a vertical plane
tangent to the flight peth (positive directilon opposite to
Vx), feet per second

W welght of model, poumds

/" Cu\
v ratlo of speciflic heats K ‘) dimensionless
P angle between model axis and horlzontel plane, degrees
P mass density of air, slugs per cublc foot

M Mt M8
n compressibllity factor (T +1¢ * 8o ¢
R,K,B constanta

Subscripts

i measured value at alrspeed head or temperature probe
o] free gtream
e station where the air discharged from the model has returned

to free—stream static pressure

86.5, model stations, inches
97, 134

a,b,c,d separate messurements made st a given model station

1 duct entrance (station 62 for submerged inlet, station 1 for
nose inlet)
s surface

CONFIDENTIAL
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TECHENIQUE AND MODELS

The present investigation was conducted by utilizing the free—fall
recoverable-model technique. In this technique, the model is recovered
by parachute after first being decelerated to a safe parachute—lsunching
speed by the extension of an umbrells~type dive brake, shown on a model
wilthout inlets in figure 1. The portion of the fuselage aft of the dive
brake houses the parachute. Test~data are recorded by standard NACA
flight instruments contained in the main portion of the fuselage.

The model is released from & carrier airplane at approximately .
40,000 feet. A photograph of one model upon release from the airplane
is shown 1n figure 2. The model falls freely until it attains.a Mach
number of about 1.1 at about 18,000 feet where the recovery process is
initiated. The dive brake slows the model down to a speed of approxi—
mately 250 miles per hour. At this speed, the parachute is released
and the model 1s lowered to the ground at a speed of less than 50 feet
per second which permits recovery of the model and instruments. The
damage to the model is negligible if the model nose boom is successfully
embedded In the ground as shown in figure 3.

The model without inlets (hereinafter referred to as the basic
model) used for the tests of this report 1s shown in figures 1, 2, 3,
and 4. The model length, exclusive of airspeed boom, was 211 inches and
the maximum diameter was 17 inches giving a fineness ratlio of 12.4. The
welight of each model was about 1100 pounds. The fins on all models were
at 09 incidence.

All externmal screws were—flush with ithe skin and the hangers
attaching the model o the airplane were retracted into the model after
its release.

The detalls of the alrspeed head used on a1l models are shown in
figure 5.

The installation of NACA submerged inlets, ducting, and air exits
is shown in figures 6 and 7. The submerged inlet was made up of a 7°
ramp with curved diverging walls (see reference 2). Each duct had an
inlet area of 13.62 square inches and an aspect ratio of 4. The neces—
sity of discharging the air forward of the dlve—brake region resulted
in the outlet design shown.

The NACA series I nose—inlet model is shown in figures 8 and G.
The area of the annular inlet of this model was the same as that of the
two submerged air entrances. The inlet was, in the notation of refer—
ence 14, an NACA series I-35.8-600 nose inlet with a l.5—inch—diameter
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nose boom (on which the airspeed head, fig. 5, was mounted) eéxtending
through the center of the inlet. The model aft of statlion 102 was
identical with the submerged-inlet model. -

In orfer to meke the nose—~inlet model comparable to the submerged—
inlet model on & drag basis, an attempt was made %o provide the same
amount of usable volume In both models., Since the nose—inlet model was
the same length as the submerged—inlet model, it had a greater volume
and surface area than the submerged—iniet model. The nose—inlet model,
however, was considered sultable for comparison on a drag basis with the
submerged—inlet model because the additiomal velume is almost entirely
consumed by the additional ducting required for the nose inlet.

INSTRUMENTATION

The locations of the pressure tubes in the submerged—inlet model
are shown in figure 6. Aft of the inlet, the pressure tubes provided
in the nose~inlet model (fig. 8) were identical with those in the
submerged~inlet model, Pressure rakes were Installed in both ducts for
flow symmetry; however, only those in the left duct were used in the
current tests. A reke consisting of four total~pressure tubes was
ingtalled in the ducting &%t station 86.5 for the determination of
pressure recovery and mass—flow ratic. A sonic throst was located in
the dQueting at stestion 97 For control and measurement of the flow rate
through the ducting. HEach inlet model was tested &t mass—flow ratios
of approximately 0.4 and 0.7 by using sonic throats of about 50 and
80 percent of the duct—inlet area. The static pressure at the throat
(station 97) and the pressure drop from station 86.5 to station 97 were
measured to check the presence of sonic flow in the throat., A rake con—
slisting of four total—pressure probes and four static—pressure probes
waes inserted in the ducting at station 134 for the determination of the
internal drag., Orifices (fig. 6) weres installed along the ramp center
lines to determine the ramp—pressure dlastribution. For one test drop
of & nose—inlet model, & total-pressure rake was installed at the inlef
as shown in figure 8(b). The data wére all recorded on standard NACA
recording instruments, which were compensated for temperature effects
throughout the temperature range experienced within the heated interior
of the models. The model Instruments and their functions, ranges, and
estimated accuracies based on laboratory callbrations are listed in
table I. :

The pressure-messuring system was designed to render negligible
any effects of lag. TFor the longer lines, su¢h as the airspeed lines,
the tubing was 3/16~inch inside dimmeter. Shorter tubes were 1/8-inch
inside diasmeter. - _ ' e :

SR
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Instruments were Iinstalled in & heated compartment of the carrier
airplane to record atmospheric data dAuring the ascent of the carrier
airplane, The instruments used, theilr purpose, and the estimated accu—
racy of these instruments, based on laboratory calibrations, are given
in table II.

TESTS

Prior to the dropping of each model, the atmosphere through which
the model was to fall was surveyed. This was accomplished by the
instruments in the carrier airplane which were operated at about 1,000~
foot intervals during the ascent to 40,000 feet.

After attaining & release altitude of approximately 40,000 feet,
the alrplene was oriented for the drop run. Every effort was made to
maintain level £light during this run. The airplane instruments were
put in operation for a period of at least 10 seconds prior to release.
This =zction also actuated the model instruments and assured that the
instrument motors would be up tq speed at the time of release.

After release, each model accelerated to a Mach number of gbout 1.1
ag the instruments continuously recorded the date listed under instru-
mentation.

RESULTS

The methods employed for the evaluation of the free—stream Mach
number, the mass—flow ratio, and the internal drag are described in the
appendix.

A typical variation of the free—stream Mach number with time after
release and of the model Reynolds number with Mach number is presented
in figure 10.

The static—pressure—erwor coefficients for the airspeed head,
evaluated from equations (1) to (11) of the appendix are presented in
figure 1l. The faired curves of figure 11 were employed as the values
of the static pressure errors of the alirspeed head. The total pressures
in the ducts, particularly the total—pressure measurements at station
86.5 during the tests of the nose—inlet model, fluctuated with time.
These fluctuations are believed to be the result of slight model oscil—
lations during the free fall which caused changes in the amount of
boundary—layer alr flowing into each duct. In the case of the nose—
Inlet model tested at s mass—flow ratio of about 0.7, the measurements
mede near the inlet at station 1 (shown in fig. 12) indicate that the
fluctuations are traceable to the boundary-layer air Flowing along the
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nose boom. These total—pressure fluctuations were insufficient to
affect the drag results, However, a falred average of the total—
pressure measurements at station 86.5 was used in evalusting the pres—
sure recovery.

Although no measurements were msde at station 1 during the tests
of the nose—inlet model at & mass—Flow ratio of about 0.k, the boundary—
layer air flowilng along the boom probably separated at a Mach number of
about 1.07. Above this Mach number, the recorded accelerometer and duct
pressure dats showed large fluctuations. Consequently, the data beyond
a Mach number of 1.07 for the test of the nose—inlet model at a mass—flow
ratio of about 0.4 were of no value.

The mass—flow-ratio variation with Mach number at nominal mass—flow
ratios of 0.k and 0.7 are presented for both inlet models in figure 13.
Figure 14 illustrates the internal drag-coefficient variation with Mach
number for the submerged—iniet model end the nose—inlet model. These
values were calculated only for use in determining the external drags of
the models. e e VT TR RS

The variation of external drag coefficients of the basic model with
Mach number 1s presented in figure 15. The total and external drag
coefficients of the submerged—inlet model and the nose—inlet model are
shown in figures 16 and 17. The drag data obtained st a msss flow ratio
of 0.4 were known to be erroneous and are not prosented. The external
drags of the models are summarized in figure 18.

The ram-recovery ratios at station 86.5 and at the duct entrances
(evaluated from duct efficiency factors) are glven in figures 19 and 20,
respectively, Por the tests of the submerged—inlet model and the nose—
inlet model. The ram-recovery ratios at the entrance of the nose—inlet
model at a mass—flow ratio of about 0.7 were also estimated for seversl
Mach numbers from the pressure measurements made at station 1 (fig. 12)
end these data points are also included in figure 20(b). The pressure
recoveries were averaged over the entrance area for the determinstion of
the average pressure recovery from the limited data of figure 12.

The pressure distribution along the ramp of the submerged—inlet
model at mass—flow ratios of about O.% and 0.7 for various Mach numbers
are given in figure 21, The Mach number distributions along the ramp,
based on the measured ramp pressures and free—stream total Pressure, are
presented in figure 22.

("P
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ACCURACY OF RESULTS

Baged on the scatter of the experimental data of these tests and
data Prom other similar free fall tests, the maximum errors involved in
the evaluation of free-stream Mach number, msss-flow ratio, and external
drag are tabulated below:

Quantity Estimated maximum error
Mo 0.02 at a Mach number of 0.75

0.01 at Mach nunmbers above 0.85

0.01

g &

0.01 below a Mach number of 1
0.005 above a Mach number of 1

The probable errors are less than these meximm values.

DISCUSSION OF RESULTS

Drag

The variations of intermal drsg cocefficlient with Mach number for
the two mass—flow ratios are shown in figure 1L. The internal drag
coefficlents increased with a decrease in mass—flow ratio. This is a
result of the increased shock losses resulting from highsr supersonic
speeds in the nozzle aft of the sonic throat.

The external drag of the submerged inlet model is indicated to be
greater than that of the nose inlet model throughout the test range at a
mass flow ratio of 0.7. The difference bhetween the external drag coef—
Picients of the two models is negligible at a Mach number of 0.7 grad—
ually increasing to about 0.01 at the subsonic Mach numbers preceeding
drag divergence. At supersonic speeds, this difference in extermnal drag
coefficient is about 0.02. For a typical operational aircraft with a
fuselage frontal area to wing areas of about 0.06, this would amount to a
change in airplane drag coefficient (based on wing area) of about 0.0006
gt the subsonic Mach numbers preceeding drag divergence asnd about 0.0012
at supersonic speeds.

The results presented in figure 18 indicate that the drag of the
nose—inlet model increased slightly with increasing mass—flow ratio at
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Mach numbers greater than 0.8. Previous results at transonic speeds for
a nose-inlet model (reference 15) have indlcated the extermal drag to be
essentially constant over a mess-flow ratio range of 0.4 to 0.8.

The outlet employed in the present tests was not %f a conventional
design, consequently there is 1litile significance to a comparison of
the externsl drsg coefficlents of the inlet models with that of the basic
model. Since the same air-outlet configuration was employed for both

inlet models, & comparison of the externsl drag coefficients for these
models is Justified.

Ram—Recovery Ratios

The. ram—recovery ratios at station 86.5 and at the entrance are
presented in figure 19 for the submerged—inlet model. The ram—recovery
ratios, at both mass—flow ratios, increase gradually up to a free-stream
Mach number of sbout 1, after which there 1s a slight decrease up to
the maximum test Mach numbers.

The decreases in pressure recovery at Mach numbers sbove 1 are
believed to be agsociated with shock losses along the inlet ramp. These
decreases in pressure recovery are approximstely egqual to the losses
assoclated with & normal shock at the maximum local ramp Mach numbers
of figure 22, If the flow along the ramp does not separate at Mach
numbers higher than those of the present tests, the pressure recovery
will probably decrease graduaslly, as the shnck losses increase, with
increasing Mach number.

The ram recoveries obtained in the present investigation (fig. 19(b))
are in gerieral agreement with those obtained In previous researches., The
datse obtalned in reference 9 at a mass—flow ratic of 0.7 at about the
same number of duct—entrance depths aft of the model nose are also shown

in figure 19(b), and are in good agreement with the present results.

The ram-recovery ratios obtained for the nose—inle. model (f£ir. 20)
are not particularly significant because they include the losses incurred
in the boundary layer of the airspeed boom. As 1s well lknown, the ram
recovery for the nose inlet, with the boom removed, would be essentlally
unity for.the test Mach number range.
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CONCLUDING REMARKS

An NACA submerged inlst and an NACA series I nose inlet were
installed in bodies of 12.4 fineness ratio to determine the dreg and
pressure—recovery characteristics of each body—inlet configuration in
the transonic range. The results show that neither inlet had any sig—
nificant effect on the Mach number of drag divergence. The external
drag of the submerged-inlet model was indica’ed to be larsesr than that
of the nose inlet model at a mass-flow ratio of 0.7. The difference in
drag coefficient (based on maximum body cross—sectional area) between
the two inlet models was about 0.0l at the subsonic Mach mumbers pre—
ceeding drag divergence and about 0.02 at the supersonic test lMach num—
bers. This difference in terms of the drag coefficient for an assumed
airplane (with a ratio of frontal fuselage aree to wing area of 0.06)
would amount to sbout 0.0006 at subsonic speeds preceeding drag diver—
gence and about 0.0012 at supersonic speeds.

The ram—recovery ratios measured for the submerged—inlet model were
of the order of those obtained in previous investigations. The pressure
recovery decreased slightly sbove a Mach number of 1. This decreasse 1s
attributed to increasing shock losses in the flow along the inlet ramp
with increasing supersonic free—stream Mach numbers.

Ames Aeronautical Ieboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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APPENDIX

Method of Analysis of Data

The quaentities desired include mass—flow ratio and internal drag as
functions of free—stream Mach number. .

The airspeed-head static pressure which is recorded in the model ie
in error due to the proximity of the static—pressure holes to the sir-
speed head snd the model; therefore, before proceeding to evaluate the
Mach number, it is necessary to esteblish the free-stream static pressure

po as a function of time after release of the model.

Free—Stream Statlc Pressure

The free—stream statlic pressure was correlated with time after
release of the model by (1) determining the vertical distance I the
model fell from the release altitude as & function of time t by a
step-by—step integration of the model acceleration, and (2) determining
the free—stream static pressure p, as a function of the vertical
distance L, wutilizing the atmospheric survey data obtalned during
ascent of the carrier airplane.

The vertical distance that the model fell as a function of time was
evaluated from a step—-by—step Integratlion of the =cceleration of the
model., The method employed is valid only at zero 1ift and is similar
to that given in reference 16.

Consider any time t, during the model free fall, at which the
quantities L, Vx, Vy, @, and Dp/W are known, where

v
¥y
Vi (1)

ten ¢ =
and Dp/W (ratio of axlal force to model weight) 1s continuously
recorded as a function of time by the longitudinal accelerometer.

The problem is to determine the same quantities at a time +t + At
and to repeat the process until I is known as a function of time
throughout the model free fall. The vertlcal distance that the model
falls in a time increment At 1s approximated as the product of the
average veloclty during the time Increment and the time increment.
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AL = [<Vy>t+§2r1]m (2)

AVy = (ay)

where

t+JéAt At (3)

in which (ay) is the average acceleration during the time incre—

t+2 AL
ment, herein taken as the acceleration at a time t+% At. This acceler—
ation was evaluated. from the relationship

D
(ay)t+—; a8 [l "(1?‘) t+3 AL sin (q))t+%At] ()

where the value of (DT/W ) is the value megsured by the longi—

t+d AL
2
tudinal accelerometer at a time t+§ At. The angle employed in egqua—

tion (4) is taken as & linear extrapolastion of ¢ in the body of the
step~by-step solution, or

3(e) (o)
@ ppzpe = (5)

At the start of the computation (upon release from the airplasne in level
flight), (9)4pr 15 not known and (®)y 1s used in equation (4) for

(®) e 2ate

In order to evaluate ¢ &t the end of the time increment from
equation (1), Vx at the end of the time incrasent must be determined.
This is accomplished by determining Vx 1in a manner similar to the
evaluation of Vy. That is,

MNx = (ax) At + AVw (6)

X
t+2At

where

(aX)t'F‘%At -8 [(5?-) t+7J-.:At cos (Cp)t'i'% AtJ (7)
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Thus, equation (2) can be integrated step by step to give L as a
function of time. : : T

For the next step (the determination of the free—stream static
pressure as a function of 1), the method employed was based on the
fact that the d&ifference In pressure between two geometric altitudes AL
is a measure of the weight of fluld per unit area Ap, between the two
geometric levels, Thus,

G(DQ)av AL = Apg : . (8)

where the subscript av refers to the average value over a vervical
distance AL. Introducing pressure snd temperature into equation (8)
instead of p provides the expression

T
AL = R E_EZEX Apg (9)
(Po)yy

where R 1s the gas constant. Dividing equation (9) by the analogcus
equation for a standard atmosphere ylelds

(To)
_ _ O’av o o (10)
[(To)&v

i

- standard atmosphere

4

where Abh 1is the pressure altitude Iincrement 1n a standard atmosphere
corresponding to a pressure increment Ap,. The temperature used in
equation (10) is free—stream static temperature Ty which is evaluated
from the measured temperature T4 and the effects of aerodynamic
heating as follows:
[ 2
sz
To = T4 — —2— = Té (11)
eglepy 1 4 S,sz

where K 1s a temperature recovery factor (reference 17). For the

temperature probe employed, K was established as 0.76 in flight cali— .

brations. Using equations (2) and (10) p, 1s obtained as a function
of L. Once Po is established, the free—~stream Mach number, a

function of p,/H,, can be celculated, Also, the static—pressure error
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P-T—_n
of the airspeed head cen be expressed in the usual form -—— as &
function of M,. (q°)i

Mass—Flow Retio

Once the Mach number was established, the mass—flow ratio was eval—

uvated from the values of the free—stream Mach number and the total
reg ActarminaAd et atetion 8K 5 'h1r +ha -r-n'ln'i--'hhnhi

(O AR Fio- gl i1 M4 120 | PR ULV Ve [F2 8L N R~ TRED 141

n
r

Y+1
my _ (H)as,§ §A297 ( s 21y )2(”'1) (12)
mg 7+1 7+l

which is ldentical to that given in reference 18 except for the quantity
B. The quantity B 1is a constant established from laboratory calibra—
tions of the sonic throat. Por the sonic throats used, a value of B

of 0.95 was determined from laboratory tests.

Internal Drag

The internal drag D1 waes evaluated as the change in momentum of
the internal flow from free—stream conditions to station e aft of the
exit where the static pressure is equal to free—streem statlc pressure.
In order to provide a consistent basis for evaluating internal drag, for
inlets which induect boundary layer, this same procedure is employed.

The internal drag evaluated, however, lncludes the momentum losses in
the boundary layer ahead of the duct entrance.

For evaluation of the internal drag, 1t waes assumed that the flow
at the exit was symmetrical about the horizontal center line of the duct.
The exit area wae divided Into elght equal areas and the flow through
- each area was determined from the pitot—static measurements assigned to
the area. The internal drag conturlibuted by the flow through one of the
elght areas was evaluated from the relationshilp

(1), = (m)n [Vo— (Ve)n] (15)

where

(Vedy = (ae)y (Me)y (16}
O
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where the subscript n refers to one of the eight portlons of the
flow.

The quantity (Me),, was determined by assuming no losses. in total
pressure from the exit to station e. Thus,

b [1 L o E:I__;_r___l_ ) o L
(Hiz4)p 2 ¢ . . . —

The speed of sound at station e was evalusted (assuming the totsl
temperature of the flow constant) by the relationship

(Te)y 2177
_\Te)n , 8
o~ [1 + 0.2(Me), ] (29)

Thus ) {

(ae), = V7R(Te)y (19)

where R 1is the gas constant. . ; : .

The internal drags were then summed over the area of one duct, The
model Internal drag was taken as double this velue, . L
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TABLE I.— MODEL INSTRUMENTS
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Estimated
Item Function Range accuracy
gﬁg‘:ﬁ:ﬁig‘g To measure S 0 to 0.5 % +0.0025 z—T
NACA
three—mirror To measure
airspeed and indicated impact | 0 to 21 in. Hg |*0.0% in. Hg
sltitude pressure Hy—P;
recorder
4 cells to
measure 0 to —10 in. Hg |+0.06 in., Hg
(H)as .s—Ho
4 cells to
measure 0 to —-15 in. Hg |£0.09 in., Hg
(B)ras—Ho
4 cells to
measure +3 to —3 in. Hg |£0.04 in. Hg
Manometer (Phas—Ps
cells
8 cells for other
measurements
(pressure
distribution)
(sonic throat _—— - _——
pressures )
(pressures at inlet
on nose—inlet
model)
NACA To actuate 1/2 sec. or
ihstrument common 1/10 sec. 1 sec. in
timer timing circult timing intervals| 1200 sec.
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TABLE II.— AIRPLANE INSTRUMENTS

Ttem Function Range Estimated
accuracy
To measure
NACA alrplane
three-mirror |  ympact [0 to 5.4 in. Hg | +0.01 in. Hg
airspggd pressure
recorder H,—Dp,
NACA
three-mirror To measure
altitude P 3.5 to 11 in, Hg ]| £0.013 in. Hg
recorder °
NACA
three-mirror To measure
altitude P, 1} to 30 In., Hg | £0.029 in. Hg
recorder
NACA
galvanometer To measure
an.d. indicated. fo) o fo)
resistance free—gtream ~60° F to +70° F £0.7° F
bulb tempersture
thermometer
To check
oAt e | 1evel flignt
conditions |5.2 to 6 in. Hg |*0.008 in. Hg
altitude rior to
recorder P
release
NACA To actuste +
ingtrument | common timing 1ié§ri:§é "iéggcéein
timer circult c.
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Basic model with recovery braks extended,
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Figure 2.— Baglc model after release from carrier alrplane.
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Figure 3.— Basic model after lmpact.
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Specifications

ForivnGal-UELl Brea (incl 1.DLt= of fum.} 3.49 62
Vertical-tail aren {inol 1.9£t2 of fus.) 3.h5 £1#

Hodsl weight, 1057 1b
Center of gravity sta. 86.23

External wetted area (excluding fins) 8515 in.2

Note
All dimensions are in Inches

Figure 4.- Details of basic model,
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"-lml“l 50 Dia.

-J&Dia
46 Dia.

.25 0.0.x035wall
tube

25 00.x.035wall #s55(052) drill /
fube 20holes egqually
spoced

Norte
All dimensions are In inches

AR

Figure 5. -Airspeed head,
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Sra.51 5t0.62  5ra865
Areag (per duct)
Entrance 12.66? m.z g ata..gg)?’) Norte
+  16.99 1n.7 (sta.bh, 1. All dimensions are in inches
trance to throat 17.3% in.2 (at=.90) :
gll;rontsel. 6.l+9°m1.u.2T %—p:rcez(lt throat (sta.97) 2. For ordinates see flgure 4
2. 10.89 in.é, 80-percent throat (ata.97)
Qutlet  13.75 in.2(ste.135.75)
[ Exit Dimensions
ecifications Sta, | Hy | R
[Center of gr'aﬁﬁ,ggm SO0 134,007 7.79 50| B.228
Model welght, 1121 1b. 138.00| 7.68 | - - | 8.22
External wetted srea (exoluding fins) 8,575 In.® W7.00] 7.20. -~ | B2
(a) Complete model. W

Flgure 6.~ Detalls of submerged inlet model
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30 SR NACA RM A51B14

SNy o fuselese -
- ‘ . . . —
\\\\\\ 475
3 Y
7. -  '
Lower ord. &r4 e
Sec. ¢C
N ) (>}
L '?- : 'g
5 0N
Orifice EE 5. B
Jocations \| P 9 8
| e

N
stazs o0 &=t |

Ramp-wall Coordinstes
Sta. Ordinates

35.00 0.31

37.50 .59 Lip Ordinates

Lo .00 87 Sta. Upper | Lower
42,50 1.16 ord. ard.
45,00 1.h4% £€0.00 0 0
47.50 1.72 60.25 .22 .23
50,00 2.27 £0.50 .3 .30
52.50 2.82 €60.75 .37 .35
55.00 3.37 61.00 b2 .38
57.50 3.67 61.38 48 Ao
60.00 3.69 62.00 .51 .39
62.00 3.69 L.E. radius = O.17

Note WA

All dimensions are in inches

(b) Submerged infe?,
Figure6.- Continued,



2.29

510 86.5 Sre.134  <go

Note
L H-Total pressure
2 P-8tatic pressure
3. Alt dimensions are in Inches

{c)Localtion of pressure probes and orifices af stations 86.5 ond 134.
Figare6.- Concluded.
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— Bubmerged—~Inlet model.

Flgure 7
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Teble of Ordinates 75>
fta. Ry Ro
0 3.17 .

20 . . -

HTIIGY WH VOVN

3.17
. 3.43 | 3.0k —
1 | 3.53 | 3.0%
e
02 3.67 3.0
153 | 3.85 | 304 LE radilus,.]3R
2.3 | 408 | 3.0 Section AA
318 .87 3131 Insirumentation and duct design aft of sta.62,
10.20 | 5.10 | 3.4o and body design aft of stationlO02 are
1428 | 5.% | 3.88 identical 1o the submerged infet body.
20.50 | 5.98 | k.66
o4k | K26 | 5.18
27.00 s.gg 5.48 /
30.00 | 6. - - —
§0.80 | 7.16 | ~ - T (- - - ::/\-7
.98 | T.54 | - - : : ] ‘\\\IES
6L.20 | 7.92| - - Y| N A
70.00 | 8.15 | « ~ .
AR B \\\
102.00 | 8.%0 | - - . R P ™ R,
Ercas (Per Guct) 1 o <\
Eotrance 13.62 in.? (stn.0) @ vy
1474 in.2  (sta,30) * Re
Entrance to throat 17.34 in.? (ata.90) Sta0 ,
Throats 1. 6.49 m.aé S0-percent throat (eta.97) Ssta. 20 '
2. 10.89 in.%, Bo-percent throat (ste.97) Sta 36
Outlet  13.75 in.? (sta.135.75)
Specifications Note
m“ofm;-éviotf gﬂ. 91.00 All dimensions are in inches
Bxternal wetted ares (excluding fins) 9,12k. in.2

A

(a) Complete model.
Flgure 8.- Details of NACA series I nose inlet model.
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Sectlon AA

Note
All dimensions are in inches

(b ) Pressure probes af sfation /.
Figure 8.- Concluded.
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Figure 9.— Detall photograph of nose inlet,
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Figure /0.~ Typical variation of Mach number with time and Reynolds
number with Mach number during free foll of mode/.
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Figura 11~ Variation of airspesed head static-pressure error
with Mach number.
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Figure I3.- Variotion of mass-flow ratio with Mach number for submerged- and nose

Inlet models.
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Figure 14.~Variation of internal drag coefficient with Mach number for submerged-
and nose-inlef models.
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Figure 20~Variation of ram-recovery ratio with Mach number for nose-inkel mode.
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